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The results of an investigation of the directional properiies

o waves scarttered from rougi*l surfaces are presented. The bi-static
'scat:ering of ultrgson{ic waves has been measured for planar surfaces
of differeﬁt'known roughneés, ‘and the average difiereniial scattering
cross saction compured. The value of the acoustic measurements is
considerad from the viewpoint of validation of elecwromagnertic

iheories of scattering,
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OMNIDIRECTIONAL SCATTERING OF UWLTRASONIC WAVES
*ROM ROUGH SURFACES OF XNOWN STATISTICS
WITH APPLICATION TO ELECTROMAGNETIC SCATTERING

R.-¥X. Moore and B, E. Parkins *

Introduction

In the investigation of electromagnetic radiation phenomena,

t has ofien proven useful to conduct acoustic model experiments in

Py oY=

e

i

where the analogous electromagnetic problem presents d difficuliies
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rot gasily or copveniently solved. Thls'h_as been done successiully
in ihe sfudy of antennas [1 } and-in the areas of scattering in
-urbulent media [ Z _laﬁd from rough suriaces |_ 3 _| The areas o:f
tnvestigation are restricted, however, by the scalar nature oif the
ccoustic waves, and the siudy .of polarization effeczs‘is necessarily
excluoded. An important application of model experimentaiion is then
The study of elecromagnetic phenomena ior which polarizaticn is not
iravportant. Another, -perhaps more imporzant, application, and the one
considered here, is the verification of theories for which the 3COustic
and a’lectrorhagngtic forms have common ioundations..

The model experiments des-cribed here were performad to
investigate the characteristics of omnidirectional scatier from rouga

surfaces. The 'scatteriz];g surfaces ware constructed to be smooth
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enough 0 sasiy the condiriens of the Kirchhoiff theory of scattering
~ ] A ) \ -
4 1. and the experiments, therefore, provide information usasful ior

the verilfication of this theory.

achnigue of Exveriment

The characteristics. of omnidirectional scatier were investigated
hy measuring bi-statically the average differential scattering cross
seé:tion SE ; Ggo s BS A ifunction of the setv of angles {;-’:O . él -y )
(sze figure #1} and the parameters describing the rough surfaces. At
the frequency used, the surfaces were sufficiently rough to achisve

& near-complete conversion to scatter powsr. In this cass, e

average power received is

g — G (%) ar &)
471'1' aqr 2 o r2

£ )

where: <P> is the configuration average of the received power

Gr{ﬁ?z,) and Gt(\;ft) are the gain funcrions of the acoustic
transducers
A is the wavelength
S is the illuminated area
Pz is the transmitied power
The transducers used wers of high directivity (8° between half power

—TIinIg; pérmitzing the avoroximaion o be madsa thar ¢ o IS constant

over the illuminated area; using this in sq. (1) gives
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The measurement oI o was done by measuring <P> over an ansemble
of rough suriaces and evaluating the integral over the illuminated area

LS

(thereby accounting for “aperture effect™) as a function of the angies
(6561« g0

The experiments were performed in a water tank oi dimensions
(6'x8'x11') (see iigure 2). Because of the proximity of the tank
wallsand the surface of the water, it was nacessary 1o use a pulse

mocdulaied oscillator, which operated at a frequency of one megacycis

-

=

(\ = 1.5 millimeters in water). The pulse width of the mociulatio.‘ WEaS
sufficiently long to establish a beam width limited condition { ] and the
transmitted powér in eq.s (1) and (2) is a consiant i 2:1‘£12’. e. T
‘of roucgh suriaces was obt amed by rotating the rough suriace targeis
(shown in figure 2) through the transducer beam thereby generating the
fading signal from which the average powar was calculated.

Two planar rough surfaces with different reflectivities and
suriace roug.hnes ses were consiructed. One of these was made by;
striking mild steel sheet randomly with & ball peen hammer. The
other suriace was made by flowing grou: over a sand surface thersby

sroducing a smooth surface with rei leCLlVltY diiferent from sieel. The

surface roughnesses were determined by making‘ sampled height

.
1

neasuremenis using a depth gauge .mounted on & machinad sur riace.

3
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Prom these rieasurements the sample distribution of heighis

N

a*nnle auiocorrelation function of both surfaces were calculazed.
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These ave shown in :1gu*es 3 and 4. The waves of .the sample auio-
co:":e’a::oq functions are fit, approximately, by thé Gaussian function

._%)

Results

Measurements of o, were made as a function of the azimuthal .
angle, ¢ o for a range of valﬁes of the depression angles ¢ 1 and
6 2 - Figures 5 and 6 show curves of 4 against q')o for variation of
the depression ang’es when they are poth egual. Figures 7 and 8 show
the variation of %5 against ¢ o when the depression anéle 1o} 1 is fixed
at-40° and ¢, is allowed to vary. The curves. for both suriaces ars
similar in shape and-the difference in the surfaces is shown, largel
by the relative amplitudes of the curves. An important reaiure which

is common to the curves of figures 5 and 6 is the near-constancy of

¢, in the specular direction (¢1=649. 9o= 0).

Summary and Conclusions

The measurement of the scatter of acoustic waves provides a
basis for determining the validity of theories for the prediction of the
analogous electromagnetic scatter as all-electromagnetic scatter theories

also take an acoustic-form. The omnidirectional measurement of Cq

gives a complete descrlpulon of tne scas.te*mg (no restriction on ang‘es

:



7 incidence or observation) and ‘cherefo:re affords the opportunity to
make a more rigorous test of theory validity. The experiments
described here a.re especially useiul for this purpose as the scattering
surfaces are of knowz? roué;hness. A prediction of the experimental

results based on the Kirchhoff approximation has been made and will

ha reporied on at a later time.

cknowledgements

.

~The support of the National Science Foundation under grant

NST GP 2252 and the National Aeronautics and Space Administration

under grant NSG 298 is-gratefully acknowledged.



[

References

Jordan, E.C. *Acoustic Models of Radio Antennas, “ Ohio
State University Engineering Experiment Station Bulletin
#1086, May, 1921,

Z¢ison, A,, D. Bliss, and G. Policky. “Acousrtic Wave
Propagation in a Random Medium, " presented at the
Tall, 1863 URSI Mmeeting,

Moore, R. K. “Acoustic Simulation of Radar Returns, "
Microwaves, vol. 1, no. 7, Dec. 1962, pp. 20-25.

eckmann, P, and A, Spizzichino, The Scartering of

Sleciromagneric Waves from Rouch Surfaces, The
Macmillan Company, New York, 1983, p. 29.

L3

Morse, P, M. and H. Feshbach. Methods of Theorerical
Zhysics, McGraw-5Hill Book Company, Inc. , New
York, p. 1066. :

- Moore, R. K. and C. T. Williams, Jr. "Radar Terrain Return
at.Near-Vertical Incidence, " Proc. IRE, vol. 45, Feb.
1957}, pp. 228-238.



\v4

1

GLOMECTRY OF BI-STATIC SCATTERING
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